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To THE CONGRESS OF THE UNITED STATES:

I am transmitting today the Sixteenth, Seventeenth, and
Eighteenth Semi-Annual Reports of the National Aeronautics and
Space Administration covering the period between July 1, 1966
and December 31, 1967.

The events recorded here are both tragic and encouraging;
sobering and inspiring.

The eighteen-month period saw success and failure and then
success again as a proud agency moved forward with renewed
determination.

The Gemini missions were completed; Lunar Orbiters I and 11
transmitted thousands of clear pictures of the moon; new com-
munications and meteorological satellites were orbited.

Then came tragedy. Three brave American astronauts were
killed in the Apollo fire.

Initially stunned, NASA then went to work to overcome the
flaws in the Apollo system. Soon, impetus was restored to this
crucial part of our space effort. Other great space achievements
followed such as the Apollo 4 flight.

I commend these reports to your attention. They contain, I be-
lieve, concrete evidence that NASA is moving forward, and that

America is contributing mightily in the worldwide effort to con-
quer space for the benefit of all mankind.

THE WHITE HOUSE,

Oct 11 1968
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THE PRESIDENT
The White House

OCTOBER 7, 1968

DEAR MR. PRESIDENT:

This Eighteenth Semiannual Report of the National Aeronau-
tics and Space Administration, for the period July 1 through
December 81, 1967, is submitted fo you for transmittal to Con-
gress in accordance with section 206 (A) of the National Aero-
nautics and Space Act of 1958.

The space program made encouraging progress during these
months. Impetus was restored to the Apollo Program with the
near-perfect flight of Apollo 4 on November 9, and the pace of
lunar mapping and research was accelerated as orbiting space-

craft photographed the Moon and others landed to analyze its
surface.

These accomplishments and the many other activities detailed
in this Report give us reason to view the progress of our Aero-
nautics and Space Program with renewed optimism and to an-
ticipate continued advances in the future.

Respectfully yours,

JAMES E. WEBB
Administrator
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During this reporting period, the Manned Space Flight Pro-
gram progressed significantly toward the attainment of na-
tional objectives. The major achievement was the successful
first unmanned flight test of the Apollo-Saturn V space vehicle
on November 9. This was a key milestone in the Apollo Program,
and its great success furnished a basis for increased optimism
and encouragement.

Emphagis was continued on the technical and engineering
improvements identified as necessary following the Apollo 204
accident. Further progress was made in improving the manage-
ment efforts, organization, and operating procedures associated
with the Apollo Program, in addition to the design changes in the
spacecraft itself.

In the area of post-Apollo missions, planning continued for
the follow-on Apollo Applications Program. By the end of the
period, development of hardware and experiments and opera-
tions planning for initial earth-orbital missions was well under
way.

APOLLO PROGRAM

NASA achieved a critical point in the Apollo Program with
the Apollo 4. flight on November 9. In an all-up launch of the
Apollo/Saturn V, the flight demonstrated that the spacecraft,
heatshield and lunar rocket met program requirements. This ex-

3
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ceedingly difficult research and development feat also demon-
strated the competence of the Apollo team.

The success of Apollo 4 and the near readiness of Apollo 5 for
a planned January (1968) launch clearly indicated that the
Apolio Program has regained much of the momentum lost fol-
lowing the Apollo 204 accident. As the initial result of the acei-~
dent, the Apollo Spacecraft designs, materials, and test proce-
dures were comprehensively re-evaluated. Changes were defined
and corrective actions continued throughout the last half of the
year.

In November, NASA established a revised Apollo launch
schedule after a thorough reassessment of program requirements
and capabilities. The pacing items in the revised schedule were
identified as the Command, Service, and Lunar Modules. The new
schedule calls for up to 3 Saturn IB and 8 Saturn V flights in 1968
and five Saturn V flights in 1969. This revised base includes as
mainline missions an additional Unmanned Lunar Module De-
velopment Mission and a third Unmanned Saturn V Mission.
Although this planned program reduces the total number of
flights preceding the lunar mission, it still enables the Agency to
capitalize on success or to respond effectively in case of problems.

Specific Program Objective

The Apollo Program is a major step in the Agency’s total
program to develop a broad capability for the manned explora-
tion of space. The specific objectives of Apollo are to enhance
United States leadership in space by building a broad based
capability for manned space flight and to demonstrate this cap-
ability by landing men on the moon and returning them safely
to earth in this decade. The capabilities developed by Apollo will
be employed for future scientific investigations, for applications
in the national interest, for exploration of space, and for further
advancement of United States space flight capability and leader-
ship.

Apollo Program Phasing.—The Apollo flight mission phasing
provides for flight test missions to verify the hardware, train
flight crews, and validate all of the supporting systems required
to accomplish lunar landing. Apollo-Saturn missions fall into
seven flight development phases, each mission being designed to
accomplish a specific flight objective. Saturn IB launch vehicle
and Command and Service Module (CSM) development phase
consisted of unmanned earth orbital flights. This phase was com-
pleted with Flights AS-201, 202, and 203 in 1966.

CSM operations phase makes use of the Saturn IB to test



MANNED SPACE FLIGHT 5

the Command and Service Module in manned earth orbital mis-
ions (Fig. 1-1). This phase should verify crew operations in an
Apollo CSM for missions up to ten days. The SA-205 launch
vehicle and the first Block II Command and Service Module 101,
scheduled for launch during the second half of 1968, will be the
first in this series.

The Apollo 5 AS-204 mission (planned for January 1968)
and a second mission (if required) using AS-206 are to be un-
manned Lunar Module development flights.

Saturn V launch vehicle and spacecraft development is being
conducted concurrently with Saturn IB missions. Apollo 4 (AS-
501) was the first launch in this phase of flight development.
Apollo 6 (AS-502), scheduled for launch in the spring of 1968,
will employ a Saturn V launch vehicle and Command and Serv-
ice Module 020. This spacecraft will be equipped with a new
unified hatch, handrails, and a Block II configured (modified
Block I) heatshield. A Lunar Module (LM) test article (LTA-
2R) will also be carried. The schedule provides for a third un-
manned flight using AS-508 if results of the Apollo 6 mission
show that a third flight is necessary.

CSM-LM operations include manned flights to verify the op-
erational soundness of the lunar configuration. If the Saturn V
development encounters unforeseen difficulties, these objectives

@ FuesauRns, secons D RENDEZVOUS WITH S-1vB
defibodatin e AFTER ONE DAY: TWO. -
i SM BURNS.

i

EIGHTH SM BURN TO
DE-ORBIT ON TENTH
‘DAY. RECOVERY IN
ATLANTIC.

(D LAUNCHTO 120/150NM.
7 ELUPTIC ORBIT.

Figure 1-1. Mission Sequence—Manned CSM operations.
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could be accomplished by alternate missions on Saturn IB ve-
hicles. The alternate missions would be gimilar to the portion of
the flight that would have occurred after the initial docking of a
CSM and LM launched by a Saturn V but would be launched
on two Saturn IB vehicles.

The Lunar Mission Development phase should demonstrate
the lunar mission capability of the Apollo space vehicle, crew,
and ground support by simulation of that mission in earth orbit.

Lunar missions will demonstrate lunar distance mission capa-
bility, lunar landing, exploration, and safe return to earth.

One mission (Apollo 4) was successfully accomplished in the
second half of 1967 (Fig. 1-2), and four unmanned Apollo
flights were being scheduled for the first half of 1968. The first
will be Apollo 56 (AS-204), a Lunar Module development flight,
the next will be Apollo 6 (AS-502), the second launch of Saturn
V, which will continue the Saturn V launch vehicle and Com-
mand/Service Module development phases. The third flight
scheduled is also a Saturn V (AS-503) tentatively intended to
continue development of the launch vehicle. The fourth is a
Saturn IB (AS-206), continuing development of the Lunar
Module. The final objectives and schedules of AS-503 and AS-
206 depend upon the results of Apollo missions 5 and 6. In the
event Apollo 5 achieves its objective sufficiently to validate the
LM for manned flight, the AS—206 mission will not be required.
If Apollo 6 provides a sound basis, AS-503 will be rescheduled
and planned as the first potential manned Saturn V mission.

Apollo 4 Mission.—The main purpose of this migsion was to
evaluate the Saturn V launch vehicle and the Apollo Spacecraft
combination, the Command Module heatshield at lunar return
conditions, and systems performance.

Although the launch wvehicle used for the first test of the
Saturn V was similar to that to be used for the lunar mission,
there were some differences. The second stage structure was dif-
ferent from the lightweight structure which will be incorporated
in later flights beginning with AS-504. The Emergency Detec-
tion System was flown in a passive mode, research and develop-
ment (R&D) instrumentation was flown on all stages, and a
dummy Lunar Module was installed. The Block I Command and
Service Module was modified to include a Block II heatshield and
certain improvements in the wiring, environmental control sys-
tem, and the changed hatch window. The Command Module
cabin was filled with gaseous nitrogen.

After liftoff, the third stage (S-IVB), instrument unit, dummy
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Lunar Module, and the Command. and Service Module were in-
serted into a low earth parking orbit. Two revolutions later the
S-IVB stage was re-ignited for a simulated translunar injection
burn, placing the S-IVB stage and spacecraft into a highly
elliptical earth intersecting orbit. Following S-IVB/CSM sepa-
ration, the Service Module propulsion system was ignited for a
short duration and the CSM aligned to the desired attitude.
During the descent, the Service Module propulsion system was
re-ignited for a long duration burn, accelerating the spacecraft
to simulate conditions equivalent to atmosphere reentry after a
lunar mission. CM/SM separation and orientation of the CM to
the entry attitude followed. The CM successfully reentered and
was recovered. (Fig. 1-3).

The first flight of the Apollo Saturn V space vehicle marked
the culmination of more than seven years of design, development,
fabrication, and test by the thousands of individuals in govern-
ment and industry who are part of the Apollo team. Apollo 4
placed 278,699 pounds into earth orbit. However, this is only one
measure of the significance of Apollo 4. More important ig the
industrial, scientific, and management competence required to
agsure the complete attainment of the objectives.

Apollo 4 received a vigorous and complete checkout in the
Vehicle Assembly Building at KSC and again during its more

INJECTINTO
ELLIPTIC ORBIT,
DURATION 9301 N. M1 APOGEE

APOGE
9767 N. ML

LAUNCH To ‘ L

100 N. M1 ‘ ’
. CIRCULAR : ! |

- CIR ; RECOVERY NEAR
ORBIT / MIDWAY ISLANDS

CENTRY. AT 36547 FT. SEC.
. FLIGHT PATH ANGLEL7 077°
SM BURN
271 SEC, DURATION
. MISSION. DURATION
& HOURS, 37 MIN.

Figure 1-3. Mission sequence, Apollo 4.
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than two months on the launch pad. An unmanned flight is in
many respects more difficult to execute than a manned flight be-
cause mechanical or electronic devices must replace the crew,
and many of the redundant systems used in manned missions
cannot be used.

Overall performance of the Apollo 4 space vehicle, the launch
vehicle, and the spacecraft—together with the ground support
and control facilities—was very satisfactory and all primary
test objectives were accomplished. The highlights included all-up
launch of the Saturn V with the Apollo spacecraft; liftoff within
one second of the planned time; Command Module recovery from
a point less than five miles from the planned landing point;
validation of the Block IT Apollo spacecraft heatshield; restart
of the 3rd stage in earth orbit, an essential element of the lunar
mission; Service Module ignition, cutoff, and re-ignition in
vacuum to power the Command Module at lunar return reentry
gpeeds; testing of the flexible thermal shields to be used in the
" new quick release hatch for the Command Module; testing of the
Apollo ground organization with its vast array of facilities and
equipment to launch, control, and track launch wvehicles and
spacecraft; and initial launch from Launch Complex 39.

Although data indicated totally satisfactory performance of
all space vehicle systems, and all primary objectives were
achieved, some anomalies did occur during the mission. The more
significant anomalies and the corrective action are described be-
low.

During the S-IVB restart and second burn sequence, repres-
surization of the fuel tank was about 10 percent lower than
expected. Though not detrimental to system performance, this
anomaly was corrected through redesign of the pressurization
gystem and relocation of pressure sensors. After cutoff, the pres-
sure decay in the ambient helium bottles, which contain the gas
for tank pressurization, appeared to be greater than predicted.
The pneumatic control module associated with these bottles was
redesigned to eliminate leakage sources.

The launcher tail service masts, the engine service platform
winches, and the ground level elevator shaft of the launch com-
plex received major damage. The electrical power distributor for
the mobile launcher, the engine service transporter, the engine
gervicing platform, and the Launch Umbilical Tower level plat-
form were also damaged. To reduce damage of this type during
future launches, certain redesigning and repositioning were
undertaken for added protection.
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The fact that this was the first flight test of a three stage
rocket of this complexity and size under the “all-up” concept
is noteworthy. Unlike the smaller Saturn vehicles which were
flight tested in increments until the ultimate configuration was
reached, the three propulsion stages of the Apollo Saturn V
were completely assembled for its first flight. Use of the “all-
up”’ concept is expected to yield the data necessary to achieve
the capability for lunar landing earlier and more economically
than would be possible by serial flight tests of the component
stages.

Apollo 4 was an extremely important milestone in a program
which faces many critical milestones. Its success permits rapid
progress toward future milestones and provides a legitimate
basis for renewed confidence in the capabilities of the Apollo
organization to cope with the challenges of the lunar program.

Apollo 5 Mission.—The objectives of Apollo 5 are to evaluate
Lunar Module staging, to verify operation of the Lunar Module
gtructure, to demonstrate operation of the descent and ascent
propulsion systems, and to evaluate launch vehicle performance.

The Saturn IB AS-204 launch vehicle stages and components
will be operationally configured, except that R&D instrumen-
tation will be added to each stage and Instrument Unit, and the
engine thrust will not be at the operational level. The Lunar
Module will differ somewhat from the operational configuration.
It will not have the abort guidance system, landing gear and
crew provisions; it will have only part of the environmental
control, communications, and display systems; it will have the
R&D instrumentation and programmer; and its exterior will
have a fire suppressant coating. The rendezvous radar and the
landing radar will be inoperative, and the Adapter will be the
operational configuration except for modified panel deployment
and LM separation systems. A nose cone will replace the Com-
mand and Service Module.

After insertion into orbit, the nose cone will be jettisoned,
and the Lunar Module (LLM) will separate from the S-IVB stage,
using the LM Reaction Control System. Two Descent Propulsion
System (DPS) burns will be performed. The second DPS burn
will be followed by a fire-in-the-hole Ascent Propulsion System
(APS) burn for a short duration, staging the LM. This action
will simulate a lunar landing abort where the two stages are
separated and the ascent stage engine is ignited simultaneously
while the descent propulsion system is being shut down. An addi-
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tional APS burn will be made to use up the remaining propel-
lant.

Apollo 6 Mission.—The objective of Apollo 6 (AS-502) is to
demonstrate the structural and thermal integrity and compati-
bility of the launch vehicle and spacecraft, to verify operation of
the various subsystems, to evaluate performance of the space
vehicle Emergency Detection System, and to demonstrate mis-
sion support facilities and operation.

The Saturn V 502 launch vehicle configuration will be the
same as that of the Apollo 4 Mission. (Fig. 1-4). The Block I
Command and Service Module will be equipped with R&D in-
strumentation, a programmer, a Van Allen belts dosimeter, a
unified hatch, handrails, a post-landing vent valve, and a Block
II heatshield. A non-operational LTA will be carried.

After insertion into circular orbit, the S-IVB stage and space-
craft will have the attitude adjusted during first orbit to assess
propellant dynamics and thermal response of launch vehicle sys-
tem. Following this checkout, the S-IVB will restart and in-
ject the spacecraft into a simulated translunar trajectory and
separate from the Command and Service Module. The Service
Propulsion System will be operated to reduce apogee and to
achieve lunar return entry conditions.

Apollo Management

The reassessment of certain facets of Apollo Program Man-
agement, initiated following the Apollo 204 accident, continued
through 1967, resulting in some changes in organization and
procedures.

Increased attention was devoted to those management sys-
tems and procedures most directly related to the activities sur-
rounding the AS-204 spacecraft fire. Among these were test
procedures, hardware configuration management, and safety
reviews. Management emphasis and controls for assured safety
indicated the need to establish an Apollo Program Safety Office
in addition to the Manned Space Flight Safety Office. Respon-
sibility for all safety aspects of Apollo were centralized within
this office.

Quality and Reliability Assurance.—Apollo quality and reli-
ability assurance efforts continued to stress tight control of hard-
ware manufacturing processes, of reliability support in design
reviews, of tracking and resolving failures and discrepancies, of
parts and materials, of intensive training, and of maintaining
high standards in inspection personnel.
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Figure 1-4. Apolio 6 in Vehicle Assembly Building, KSC.

Among the changes made to assure effective reliability and
quality control were the addition of detail in inspection specifi-
cations to reduce the need for personal judgment; the introduc-
tion of mandatory inspection points for a general “shakedown”
ingpection of the vehicle prior to entering major manufacturing
and test phases; the requirement for special quality audits of
major contractors; the assignment of the quality and reliabil-
ity support contractor in the role of “Apollo Quality Contrac-
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tor” to enhance program management assessment; and strength-
ening management directives, nonconformance reporting and
corrective action, human and procedural error control, and
gingle failure point identification and analysis.

Configuration Management.—Configuration management makes
certain that technical design requirements and hardware
configuration baselines are complete and accurate on a mission
by mission basis.. Control of changes to Apollo ground and flight
systems was tightened to meet the greater needs of overall pro-
gram management during flight tests and operations. Also, steps
were taken to make sure that only necessary changes are made.

Logistics.—The Agency focused special attention on Apollo
Program mission logistics support requirements at the Kennedy
Space Center. The availability and accounting of required spare
parts, equipment modifications and related services, and launch
readiness were markedly improved as a result.

Apollo Data Management System.—The Apollo Data Manage-
ment System policies and procedures were being applied o all
Manned Space Flight programs and activities. The proven fea-
tures of the Apollo System were being extended still further for
NASA-wide application.

Characteristics of Materials Test Data Listing.—To derive
maximum benefit from the materials evaluation effort of the
spacecraft flammability test program, NASA prepared a listing
of the Characteristics of Materials Test (COMAT). This listing
of -approximately 2800 entries is already the largest collection
of data based on uniform test procedures, the ignition, flame
spread, and some pyrolysis characteristics of practical materials
in oxygen. Such data should benefit other major programs with-
in NASA and the Air Force.

Procurement.—NASA issued revised Apollo schedules in No-
vember, and the contract schedules were realigned accordingly.
By December, final agreement was reached on most of the con-
tract changes issued through August for the Lunar Module, and
through September for the Command and Service Module. Nego-
tiations for the basic contract for ten S-II stages were com-
pleted early in the second half of 1967.

The Air Force/NASA single-manager concept agreement for
procurement, distribution, and management of certain propel-
lants and pressurants went into effect. The Air Force currently
fulfills the majority of NASA’s requirements for liquid oxygen,
liquid nitrogen, and RP fuels. The provision of helium to Kennedy
Space Center was being evaluated at period’s end.
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Design Status

The redesign of certain areas of the Block II Command and
Lunar Modules continued throughout the last half of 1967. The
increased weight of the Command Module forced changes in the
Earth Landing System (ELS) (such as dual parachute reefing
and redesigned drogue parachute risers). The increase in space-
craft weight also made it necessary to review land landing and
water impact in the event of an abort from the launch pad. Out
of this review came a land and water impact test program.

In June (1967) NASA undertook an intensive special test pro-
gram to define and solve the Lunar Module Ascent Engine com-
bustion instability. Several new injector designs were fabri-
cated and tested during this period. The contractor made signifi-
cant progress in defining and understanding the injector sta-
bility problem, and in increasing the fuel flow in test hardware.
An injector design which meets specification requirements for
stability, compatibility, and performance was released for pro-
duction, and a combined design verification and qualification
test program was underway. Two engines with this injector de-
gign, scheduled for LM-2 and LM-3, were delivered in December
to the Lunar Module contractor.

To provide added insurance that production of a qualified in-
jector would not cause an unacceptable Apollo Program delay,
steps were taken to design, develop, and qualify a back-up injec-
tor. Excellent progress was made, and the contractor was in
the process of releasing a production design for design verifica-
tion testing.

Development Production and Test

Command and Service Module—The Command and Service
Module underwent extensive design and procedural changes as
a result of the Apollo 204 accident. Existing test articles and
vehicles were modified to incorporate these changes, and new
test articles were identified. Block I flight and ground test articles
which had either flown or completed certain Block I missions
were being modified and recycled back into the program as a
part of the Block II Ground Test Program. Modules in produc-
tion were recycled to incorporate the changes. The modifications
and the associated testing continued to make the spacecraft the
Apollo Program pacing item.

The Agency revised the Block II Spacecraft ground test pro-
gram to accommodate the redefined test requirements. The tests
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which now constrain the initial manned launch include thermal
vacuum, earth landing system, land and water impact, post
landing flotation, vibration, propulsion, flammability and strue-

tural tests. These tests—as well as the total Apollo Program— a

are paced by the delivery of test articles. Several test vehicles
were completed in the latter half of 1967; however, others were
delayed because of the many changes and the heavy work load.

The changes required in Command and Service Module 2TV-1,
the Block II thermal vacuum test spacecraft, have delayed the
delivery of this vehicle to the Manned Spacecraft Center almost
one year (to April 1968).

A test program was in progress to assure that land or water
impact will not endanger the astronauts. Because land impact
is possible following an abort before or immediately after launch
from Pad 39A, the land impact tests constrain the CSM 108 mis-
sion. A series of water drop tests were also planned to make sure
that the structural integrity and flotation capability of the Com-
mand Module can be maintained with the higher weight/higher
impact load condition.

The Agency intends to use the Command and Service Module
105 for acoustic vibration testing at the Manned Spacecraft
Center to verify Block II structural integrity. It will also use this
module in a series of tests with a lunar module test article (LTA~
3) to validate the docking interface under a variety of migsion
conditions.

Another change in the Block II spacecraft test program is the
requirement to test-fire the service module rocket engine of a
fully configured flight article. Service Module 102 was delivered
to the Kennedy Space Center in December for such testing. Com-
mand Module 102 was used to verify Block II spacecraft checkout
procedure at the plant.

One of the most important additions to the Block II ground
test program was the flammability testing to determine the flame
resistance and propagation characteristics of the materials in
the refitted cabin area. Initial tests were started in December.
Additional changes in spacecraft materials may be required
when these tests are completed in the spring of 1968.

Structural integrity of the unified hatch, shown in Fig. 1-5,
will be verified in ground tests on Command Module 004B. The
static structural test series, using the Block II 28-2 vehicle, will
be completed during the summer of 1968.

NASA completed more than 80 percent of the Block II sub-
system certification tests by the end of 1967. Of those remain-
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Figure 1-5. Unified hatch assembly.

ing, the Environmental Control System (delayed because of com-
ponent qualification failures) and the Space Suit (for which de-
gign verification testing has been completed) were of primary
concern. Both should be qualified by mid-1968.

The Command and Service Module program was redefined and
the manufacturing was completed on Command Service Module
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2TV-1 (for thermal vacuum testing) and the first manned space-
craft (Command and Service Module 101). In October, NASA
and the contractor agreed to a new delivery schedule based on
a comprehensive definition of required changes. '

The last Block I spacecraft, Command and Service Module 020,
was delivered in November for the Apollo 6 mission.

Command and Service Module 101 will be delivered to the
Kennedy Space Center in the spring of 1968 for the first manned
Block II mission. Spacecraft 102 was diverted for use in verifying
factory checkout procedures and for Service Module static firing
at the Kennedy Space Center. It will be recycled into the pro-
duction line for later delivery. Command and Service Module
105 was assigned to the Acoustic Vibration Test Program at
the Manned Spacecraft Center.

The remaining flight vehicles, (103 and on) were in various
stages of fabrication and checkout at the contractor’s plant. The
contractor assigned vehicle managers to each flight article in the
production line. This technique was proving effective in enabling
the contractor to improve his performance.

Improved fabrication and manufacturing concepts, more effi-
cient work planning and scheduling, more rigid and better de-
fined specifications and procedures, and quality control tech-
niques were instituted, markedly benefitting quality and produc-
tion.

Delivery of flight software programs for the Command and
Lunar module guidance systems was delayed because of redefined
requirements and development problems. NASA and the con-
tractors established revised schedules, incorporating improve-
ments in program development and testing.

Lunar Module.—The Lunar Module underwent certain design
changes as a result of the Apollo 204 fire. Modification and certi-
fication testing were underway during the period. Some of the
planned 1967 major activities in the Lunar Module Program
were not completed because of hardware and materials reevalu-
ation. The ground tests in support of manned Lunar Modules
3, 4, and 5 and the qualification of production hardware are ex-
amples; these activities slipped into mid- or late 1968. Of the
Lunar Modules ordered, both Flight Test Articles 10R and 2R
and the Lunar Module-1 (to be flown on Apollo 5) were de-
livered.

Lunar Module-1 (delivered to Xennedy Space Center in
June) was undergoing checkout preparation during the period.
At the end of 1967, it was on the pad ready for the launch of
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Apollo 5. Propellant leaks did delay the checkout; however, im-
proved tank and flange seals were installed and are to be used on
subsequent vehicles.

Factory checkout of Lunar Module-2, the vehicle for the sec-
ond unmanned mission, was nearing completion in December. It
will be ready for shipment to Kennedy Space Center in February
1968.

Assembly of Lunar Module-3 was complete and factory check-
out was in progress. This vehicle is to be delivered to the Ken-
nedy Space Center in the spring of 1968 for the first manned
Command and Service Module/Lunar Module mission on a
Saturn V. All other Lunar Module flight articles were moving
through production as scheduled.

The flammability test vehicle, M—-6, shown in Fig. 1-6, (deliv-
ered in June), underwent ground tests in November to assess
the flammability and propagation characteristics of the entire
cabin as it is now configured and outfitted with fireproof and
flame-resistant materials. These tests were successfully com-

Figure 1-6. Flammability test mock-up.
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pleted to support the thermal vacuum test vehicle, Lunar Module
Test Article 8, for manned operations. This LTA was delivered
to Manned Spacecraft Center in September, where it was being
prepared for manned testing in the vacuum chamber (Fig. 1-7).

All LTA’s have now been delivered. LTA-10R was success-
fully flown on Apollo 4, and LTA-2R will fly on Apollo 6.

Figure 1-7. Lunar Module Test Article, LTA-S.
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Ground testing of the descent stage of the LTA-5D propul-
sion system was delayed because a heat exchanger failed. The
damage made it necessary to refurbish the test article. Steps
were taken to correct the faulty weld which caused the failure,
and testing was resumed to support all Lunar Module missions.

Ascent stage engine testing on PA-1 also was rescheduled to
accommodate additional test requirements and to solve develop-
mental test problems. The PA-1 is an aluminum structure of
the Lunar Module midsection with a prototype ascent propulsion
system and a reaction control system; both systems are to un-
dergo static firings in an altitude chamber at White Sands Test
Facility.

Structural testing of LTA-3 was delayed because small cracks
developed in the descent stage structural panels during vibration
testing. ‘These cracks were traced to small scratches in the sheet
metal which were aggravated by the etching material used in
chemmilling of the panels. Corrective actions were taken, LTA-3
was refurbished, and testing was resumed.

A recent examination indicated that a number of tubular
structural members were éxperiencing stress corrosion. How-
ever, a test program verified that the Lunar Module-1 tubes were
safe enough for the flight loads, and the schedule of Apollo 5
would not be delayed. Additional testing was performed to de-
termine an improved design for future flight vehicles. Following
these tests, NASA decided to use a different heat treatment
process which improves resistance of the material to stress
corrosion.

The Lunar Module contractor assigned vehicle managers to
each Lunar Module. Each such manager is individually responsi-
ble for all aspects of his wvehicle through production, test, and
on-schedule delivery. Basic improvements in checkout and test
procedures were initiated to improve production flow.

One significant problem, not yet completely resolved, is the
injector configuration for the ascent stage engine. Occasional
instability was encountered during an overstress evaluation tech-
nique termed “bomb testing.” This technique consists of detonat-
ing small dynamic bombs inside the engine to confirm that the
resulting pressure rise is quickly damped out.

Although the initial injector design was adequate for un-
manned flight, a higher degree of confidence in engine stability
under extreme conditions is required for manned flight. A modi-
fied injector design—meeting specification requirements for sta-
bility, compatibility, and performance for manned flight—was
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releaged for production. A combined design verification qualifi-
cation test program was well underway. Two engines with the
newly designed injector were delivered; one was installed in
Lunar Module 2 and the other will be installed in Lunar Module
3. Because of the criticality of this engine, a contract was also
awarded for the design, development, and qualification of a back-
up injector. Excellent progress was made, giving evidence that
an injector meeting specifications will be qualified without
adversely affecting Apollo launch schedules.

Launch Vehicles

Saturn IB Lounch Vehicle.—There were no Saturn IB launches
during the last half of 1967. Apollo 5 (SA-204) was on Launch
Complex 87 undergoing final checkout for launch in mid-January
of 1968. (Fig. 1-8, 1-9, 1-10). Only minor launch vehicle prob-
lems were evident, although propellant leaks in the Lunar Module
ascent stage propulsion system delayed the checkout.

Saturn IB hardware production was completed as scheduled.
However, actual deliveries of Launch Vehicle SA-205 and subse-
quent launch vehicles to Kennedy Space Center were deferred
because of the schedule changes following the accident.

The fabrication of hardware for the 12-Vehicle Apollo/Saturn
IB Program was complete with the exception of the last three
Instrument Units, which were in various phases of manufacture.
Ag for the S-IB vehicles: SA-201 thru 203 had been successfully
launched before this report period; SA-204 was ready for
launch; SA-205 and 206 were being readied for delivery for the
first manned Block II spacecraft mission and the second un-
manned lunar module mission, if required. SA 207 and 208 were
available. Two additional first stages (S-IB/1 209 and 210), the
remaining four second stages (S-IVB/1 209 thru 212), and one
Instrument Unit (S-IVB/1 209) were also made available for
delivery. All units not being prepared for delivery were placed
in storage and plans were developed to insure that they retain
their built-in reliability. Assembly of S-IB 211 and 212 was com-
plete and final factory checkout was in progress.

When removed from storage for either the Apollo Program or
the Apollo Applications Program, each stage will undergo a modi-
fication and reverification period of two to four months. Neces-
sary changes will be made and a reverification checkout will be
conducted to make certain that all systems work properly.

Apollo programming is based on the plan to transfer manned
flight from the Saturn IB to the Saturn V vehicle as soon as the
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Figure 1-8. Saturn IB first stage.

Saturn V vehicle is ready for manned flight (following success-
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